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SECOND  PROGRESS  REPORT  ON  THE  STRENGTH  OF  STRUCTURAL  TIMBER. 


INTRODUCTION. 

The  information  contained  in  this  circular  was  secured  by  system- 
atic tests,  carried  on  for  four  years,  by  the  methods  given  in  Circular 
38,  entitled  "  Instructions  to  Engineers  of  Timber  Tests,"  and  it  sup- 
plements the  results  published  in  Circular  32  (Bureau  of  Forestry), 
"  First  Progress  Report  on  the  Strength  of  Structural  Timber."  Lob- 
lolly pine,  longleaf  pine,  tamarack,  and  Norway  pine,  the  principal 
structural  timbers  of  the  eastern  United  States,  and  Douglas  fir  and 
western  hemlock  of  the  Pacific  coast  were  the  woods  tested. 

The  tests  were  made  at  the  various  testing  laboratories  of  the  Forest 
Service,  located  at  Washington,  D.  C;  Charleston,  S.  C;  Purdue  Uni- 
versity, Lafayette,  Ind.;  the  University  of  California,  Berkeley,  Cal.; 
the  University  of  Oregon,  Eugene,  Oreg. ;  the  University  of  Washing- 
ton, Seattle,  Wash.,  and  the  Yale  Forest  School,  New  Haven,  Conn. 

There  were  two  general  classes  of  tests:  (a)  Tests  on  large  beams, 
for  studying  the  relations  between  strength,  defects,  and  degree  of 
seasoning,  and  for  determining  moduli  for  design;  (&)  tests  on  small 
pieces  cut  from  the  uninjured  parts  of  the  tested  beams.  The  latter, 
classed  as  minor  tests,  include  bending,  compression  parallel  to  grain 
and  at  right  angles  to  grain,  and  shearing.  Minor  tests  are  used  to 
study  the  effects  of  moisture,  rate  of  growth,  and  other  factors. 
In  such  studies  defects  must,  as  far  as  possible,  be  eliminated. 

Tests  of  class  a  were  made  upon  large  sticks,  such  as  bridge  string- 
ers and  other  structural  timbers  having  such  knots,  crooked  grain, 
and  other  defects  as  are  found  in  market  material. 

The  attention  of  shippers  is  called  to  the  weights  of  the  different 
materials  given  in  the  tables.  The  weight  of  air-dry  material,  as 
found  upon  the  market,  varies  considerably,  but  as  a  rule  it  will 
exceed  the  oven-dry  weight  given  in  the  tables  by  from  15  to  30  per 
cent,  according  to  size  and  species.  The  oven-dry  weight  is  obtained 
from  the  weight  and  from  the  volume  measurements  of  the  timber  at 
the  time  of  test,  in  conjunction  with  subsequent  moisture  determina- 
tions. The  shrinkage  of  the  timber  is  not  taken  into  account.  This 
is  variable  and  at  present  is  not  accurately  known.  It  is  estimated 
that  air-dry  timber  has  lost  about  5  per  cent  of  its  green  volume. 

The  actual  weight  of  the  wood  at  the  time  it  was  tested  may  be 
computed  from  the  oven-dry  weight  and  moisture  per  cent.  Thus, 
a  dry  weight  of  29.4  pounds  per  cubic  foot,  at  a  moisture  per  cent  of 
19.4,  gives  a  weight  of  35.1  pounds  per  cubic  foot  at  the  time  of  the 
test.  The  measurements  of  volume  were,  in  most  cases,  those  of  sur- 
faced lumber. 
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The  origin  of  the  sticks  and  their  stage  of  seasoning  are  carefully 
described.  Photographs  were  taken  and  drawings  made  locating 
knots  and  showing  the  amount  of  heart,  sap,  wane,  etc.  The  sticks 
were  graded  by  an  experienced  lumber  inspector. 

The  tables  give  the  average,  maximum,  and  minimum  values. 

Results  of  tests  on  individual  sticks  will  be  published  in  connection 
with  special  reports. 

SUMMARY. 

A  digest  of  the  results  of  bending  tests  on  large  sticks  given  in  the 
tables  is  shown  in  Table  1,  which  indicates  the  weight,  strength,  and 
stiffness  of  beams,  such  as  are  found  on  the  market  and  used  by  engi- 
neers. More  detailed  information  is  given  in  the  various  other  tables. 
The  modulus  of  rupture  represents  fairly  well  the  strength  of  the  tim- 
ber; the  modulus  of  elasticity  represents  its  stiffness.  The  strength 
of  small,  clear,  green  sticks  cut  from  these  beams  is  found  in 
Table  11. 

It  should  be  noted  that  the  strength  values  of  wood  usually  quoted 
in  handbooks  are  based  on  small,  clear,  well-seasoned  sticks,  the 
strength  of  which  largely  exceeds  that  of  large  structural  timber. 

Table  1. — Summary  of  the  average  bending  strength  of  structural  timber. 


Refer-  Species  and 
ence  locality  of 
No.  growth. 


Grade. 


Condition. 


Num- 
ber of 
tests. 


Mois- 
ture 
per 
cent. 


Weight  pei 
cubic  foot. 


Modu- 
lus of 


Modu- 
lus of 
elas- 


As  Oven  rupture. 
tested,  dry. 


LOBLOLLY  PINE. 

1    South  Carolina 

j  LONGLEAF  PINE. 


South  Carolina 
and  Georgia. 

DOUGLAS  FIR. 


3  Oregon  and 

Washington. 

4   do  


Square  edge  


Merchantable 


Green. 


Partially  air 
dry. 


All  grades  

Select  and  mer- 
chantable. 


Oregon  

....do  

WESTERN  HEM- 
LOCK. 

Oregon  and 
Washington. 
Washington  

TAMARACK. 

Minnesota  

NORWAY  PINE. 

Minnesota  


All  grades  

Select  and  mer- 
chantable. 


.  Partially  air 
dry. 
....do  


Green. 
....do. 


All  grades  

 do  

Merchantable .  . 

Merchantable  .  . 


Partially  air 

dry. 
Green  


Green. 


Green. 


42 
44 

216 
164 

135 
103 


30 


30 


26.1 

22.1 
22.0 

30.9 
31.3 

27.8 
36.2 

50.6 


Lbs. 
46.2 


Lbs. 
31.2 


33.8  27.7 

33.9  I  27.7 

38.4  29.4 
i.4 


33.2 
38.8 


45.2 


26.0 
28.5 


30.1 


Lbs.  per 
sq.  in. 
5,5807 


7,772i5 


6,975M 
7,50048 


1,000 
lbs.  per 
sq.  in. 
1,426 


1,600 
1,636 


49      47.8     37.4    25.4     3,975?  1,189 


6,140*  1,526 

6,430*4  1,585 

5,992u  1,351 

5,783i6  1,475 


4, 5624 


1,219 


Note.— Figures  written  as  subscripts  to  the  figures  for  modulus  of  rupture  indicate  the  number  of 
sticks  failing  in  longitudinal  shear. 
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The  moisture  condition  of  the  beams  varied  somewhat  between  the 
different  species  given  in  Table  1.  The  moisture  content  of  green 
timber  also  varies  with  the  species — for  instance,  the  maximum  is 
about  37  per  cent  of  the  dry  weight  in  the  case  of  Douglas  fir  heart- 
wood  and  as  high  as  100  per  cent  in  the  case  of  loblolly  pine  sapwood, 
so  that  the  same  moisture  per  cent  in  these  two  woods  does  not  repre- 
sent an  equal  degree  of  seasoning.  Again,  Douglas  fir  seasons  more 
rapidly  in  the  dry  climate  of  California  than  does  loblolly  pine  in  the 
moist  climate  of  the  Atlantic  coast. 

It  is  surprising  how  much  moisture  is  found  in  well-seasoned  tim- 
ber. Sticks  of  longleaf  pine  10  by  12  inches  in  cross  section  after 
drying  in  a  lumber  yard  at  Washington,  D.  C,  for  one  year  contained 
35  per  cent  of  moisture,  and  sticks  of  loblolly  pine  from  Virginia, 
8  by  8  inches  in  cross  section,  after  drying  in  the  same  place  for  two 
years  and  becoming  almost  black  on  the  surface,  contained  34  percent 
of  moisture. 

In  small  sticks  the  strength  begins  to  increase  after  the  moisture 
has  been  reduced  to  about  26  per  cent.a  The  laws  expressing  the 
relation  of  strength  and  moisture  in  the  cases  of  small  sticks  do  not, 
however,  necessarily  apply  to  large  sticks.  Timbers  of  commercial 
size  develop  checks  and  other  defects  while  seasoning,  and  these 
partially  offset  the  increase  in  strength  due  to  drying.  However,  in 
the  case  of  select  sticks  the  actual  strength  was  in  some  cases  increased 
from  10  to  25  per  cent  by  one  year  of  careful  seasoning. 

LOBLOLLY  PINE. 

Loblolly  pine  has  not  only  a  wide  range  of  structural  merit,  but 
also  a  wide  distribution.  It  occurs  in  a  belt  along  the  Atlantic 
coast  and  the  Gulf  of  Mexico,  from  Virginia  to  eastern  Texas,  extend- 
ing inland  from  50  to  300  miles. 

Under  the  name  of  Virginia  pine  the  timber  cut  in  the  northern 
portion  of  this  belt  is  generally  found  on  the  markets  in  small  sticks, 
8  by  8  inches  or  10  by  10  inches  in  cross  section,  almost  entirely  sap- 
wood  and  of  so  rapid  a  growth  that  sometimes  only  four  rings  occur 
in  3  inches.  This  is  second-growth  timber,  usually  very  knotty  and 
of  an  inferior  grade.  The  same  species  is  also  marketed  under  the 
name  of  North  Carolina  pine,  and  in  that  case  it  is  generally  forest- 
grown  timber  of  large  size,  with  a  large  proportion  of  heartwood, 
fairly  free  from  knots,  and  possessing  a  high  order  of  structural  value. 

In  the  forest  loblolly  pine  is  prolific,  grows  vigorously,  and  holds  its 
place  in  competition  with  other  species.  It  is  the  principal  tree  in  the 
operations  of  those  lumber  companies  in  the  Southern  States  which 

a  See  Bulletin  No.  70  Forest  Service,  "Effect  of  Moisture  on  the  Strength  and  Stiff- 
ness of  Wood." 
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look  upon  their  forest  holdings  as  part  of  their  capital  and  reap  suc- 
cessive crops  from  them  by  conservative  forest  management.  It  is 
therefore  a  timber  which  engineers  and  architects  may  expect  to  find 
on  the  market  for  an  indefinite  period.  The  chief  objection  to  it  is 
that  being  largely  sapwood  it  decays  rapidly  when  exposed.  Because 
of  its  open  grain,  however,  it  is  a  wood  which  may  be  treated  very 
successfully  with  preservatives. 

Table  2,  reference  numbers  1-5,  gives  the  results  of  bending  tests 
on  loblolly  pine  obtained  from  a  mill  at  Charleston,  S.  C,  and  on 
the  market  at  Washington,  D.  C. 

The  loblolly  pine  listed  in  the  table,  under  reference  numbers  1 ,  2, 
and  3,  was  " North  Carolina  pine,"  cut  from  the  holdings  of  the 
E.  P.  Burton  Lumber  Co.,  near  Charleston,  S.  C.  It  is  a  timber 
that  generally  shows  sapwood  on  all  four  faces,  and  is  on  this  account 
of  a  "standard"  or  ''square  edge"  grade  according  to  the  Stand- 
ard Inspection  Rules  (1902)  of  the  Georgia  Sawmill  Association. 
These  rules  have  been  revised  since  this  timber  was  graded,  so  as  to 
allow  more  sap  in  the  merchantable  grade.  A  number  of  sticks 
classed  as  "  square  edge  "  in  the  table  would  now  be  graded  as  mer- 
chantable. The  timber  is  good  structural  material,  such  as  is  used 
in  warehouses,  mills,  and  other  structures  in  which  the  conditions 
do  not  demand  longleaf  pine. 

Some  of  the  bending  tests  (Table  2)  were  made  with  the  load 
applied  at  the  center  of  the  span,  and  the  remainder  with  the  load 
applied  at  points  one-third  of  the  span  from  each  end.  The  modulus 
of  rupture  of  the  green  North  Carolina  pine  beams  (Table  2,  reference 
number  1)  is  5,580  pounds  per  square  inch,  and  the  modulus  of 
elasticity  1,426,000  pounds  per  square  inch.  In  the  case  of  the 
partially  air-dried  beams  containing  from  25  to  30  per  cent  of  moist- 
ure (reference  number  2)  these  values  are  5,650  pounds  per  square 
inch,  and  1,435,000  pounds  per  square  inch,  respectively.  The  oven- 
dry  weight  of  the  timber  in  both  these  groups  is  31.2  pounds  per 
cubic  foot.  The  moisture  per  cent  was  27.7  for  the  partially  air- 
dried  and  48  for  the  green  material.  Diagrams  I  and  II  show  the 
distribution  of  moisture  throughout  the  cross  section  of  beams  under 
different  conditions  of  seasoning. 

In  the  case  of  the  partially  air-dried  beams  containing  less  than 
25  per  cent  moisture  (reference  number  3),  the  modulus  of  rupture 
is  5,690  pounds  per  square  inch,  and  the  modulus  of  elasticity  1 ,340,000 
pounds  per  square  inch.  The  average  moisture  was  21  per  cent,  and 
the  oven-dry  weight  31.2  pounds  per  cubic  foot.  Reference  numbers 
1  to  3  show  that  the  seasoning  ordinarily  undergone  by  large  loblolly 
pine  beams  has  little,  if  any,  effect  upon  their  strength. 

The  8  by  8  inch  partially  air-dried  Virginia  pine  (Table  2,  reference 
number  4)  was  cut  in  Stafford  County,  Va.,  and  had  been  drying  in 
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the  yard  for  two  years.  This  material  has  a  modulus  of  rupture  of 
5,180  pounds  per  square  inch,  a  modulus  of  elasticity  of  1, ISO, 000 
pounds  per  square  inch,  at  a  moisture  per  cent  of  22.4,  and  an  oven- 
dry  weight  of  28.8  pounds  per  cubic  foot. 

The  8  by  8  inch  green  Virginia  pine  (reference  number  5) ,  was  cut 
about  March,  1903,  and  was  tested  about  one  month  after  cutting. 
The  timber  was  "sap  stained,"  but  it  has  been  shown  that  this  stain- 
ing, or  "bluing,"  does  not  impair  the  strength  of  the  wood.  The 
modulus  of  rupture  of  these  beams  is  3,490  pounds  per  square  inch, 
the  modulus  of  elasticity  744,000  pounds  per  square  inch,  the  oven- 
dry  weight  26.9  pounds  per  cubic  foot,  and  the  weight  as  tested  43.7 
pounds  per  cubic  foot. 

Table  11,  reference  number  1,  shows  a  comparison  of  the  strength 
values  of  small  sticks  and  large  parent  beams  of  loblolly  pine.  The 
ratio  of  the  strength  values  of  the  large  beams  to  the  small  beams  is 
0.77  for  the  fiber  stress  at  elastic  limit,  0.71  for  the  modulus  of  rup- 
ture, and  0.99  for  the  modulus  of  elasticity.  Table  12,  reference 
numbers  1  and  2,  gives  the  results  of  tests  in  compression  parallel  to 
grain.  The  crushing  strength  of  North  Carolina  pine,  partially  air 
dry,  and  green,  is  4,250  and  3,510  pounds  per  square  inch,  respectively. 
This  is  higher  than  the  crushing  strength  of  the  Virginia  pine,  which  is 
2,950  pounds  per  square  inch  when  partially  air  dry,  and  2,140  pounds 
per  square  inch  when  green. 

Table  13,  reference  number  1,  gives  the  results  of  tests  on  loblolly 
pine  in  compression  at  right  angles  to  grain.  The  average  compres- 
sive strength  at  the  elastic  limit  at  right  angles  to  grain  is  469  pounds 
per  square  inch.  The  material  was  green,  containing  57.1  per  cent 
moisture. 

Table  14,  reference  number  1,  gives  the  results  of  shearing  tests 
parallel  to  grain  on  small  blocks.  The  shearing  strength  is  630 
pounds  per  square  inch,  in  material  containing  83.2  per  cent  moisture. 

MOISTURE  DISTRIBUTION. 

The  moisture  distribution  in  the  cross  section  of  North  Carolina 
pine  beams  was  determined  by  cutting  sections  1  inch  in  thickness 
from  near  the  center  of  the  sticks  and  dividing  the  sections  into  nine 
parts  in  the  directions  shown  in  Diagrams  I  and  II.  The  figures  in 
the  various  parts  of  the  sections  show  the  percentage  of  moisture. 
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14  inches 


32.6 
per  cent. 

31.9  per  cent. 

29.3 
per  cent. 

30.7 
per  cent. 

39.6  percent. 

33.2 
per  cent. 

28.6 
per  cent. 

30.9  percent. 

29 

per  cent. 

Average  31.7  percent. 

Diagram  I.— Distribution  of  moisture  in  cross  section  midway  of  the  length  of  North  Carolina  loblolly 
pine  beams.  Average  of  10  sections  taken  from  sticks  8  by  14  inches  by  10  feet.  The  timber  was  air 
dried  from  2  to  5  months. 

The  distribution  of  moisture  throughout  the  cross  section  was 
also  determined  on  a  set  of  disks  cut  from  beams  under  three  con- 
ditions of  seasoning — green,  air-dry,  and  kiln-dry.  Diagram  II 
shows  the  distribution  in  the  three  cases,  sapwood  being  denoted  by 
crosshatchings. 
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Diagram  II.— Distribution  of  moisture  in  cross  section  midway  of  the  length  of  North  Carolina  pine 

beams. 

(a)  Average  of  10  sections. 
lb)  Average  of  4  sections, 
(c)  Average  of  4  sections. 
Sticks  8  by  1G  inches  in  sect  ion. 

In  green  timber  that  has  been  submerged  in  water  for  some  time 
the  moisture  per  cent  near  the  surface  is  nearly  twice  that  in  the 
central  part.  In  the  air-dried  sticks  the  drying  did  not  penetrate 
to  the  central  part  at  all.  Section  c  was  dried  more  quickly  than 
the  others,  and  the  variation  in  the  different  parts  is  consequently 
greater.    The  sections  used  in  both  b  and  c  were  cut  from  sticks 
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which  were  badly  checked  by  too  rapid  seasoning.  Along  the  beam 
variation  in  moisture  was  determined  from  sections  cut  from  all 
beams  at  the  quarter  and  center  points,  as  shown  in  Tables  9  and  10. 
The  moisture  in  the  sections  from  the  same  beam  varies  so  little 
that  the  longitudinal  moisture  distribution  in  16-foot  sticks  may  be 
taken  as  practically  uniform,  except  at  the  ends  and  in  cases  where 
the  percentage  of  sapwood  varies  greatly  throughout  the  length  of 
the  beam. 

In  Table  3  the  effect  of  seasoning  on  the  strength  of  large  beams 
is  well  shown.  Three  sets  of  green  North  Carolina  pine  beams  were 
dried  in  the  open  air  in  sunlight,  in  a  kiln,  and  in  a  shed,  respec- 
tively. The  wood  in  the  outer  portion  of  the  two  sets  of  beams 
listed  first  was  no  doubt  stronger  than  in  the  green  condition.  The 
beams  failed  in  horizontal  shear,  however,  before  the  added  strength 
could  be  brought  out,  because  of  the  presence  of  checks  and  shakes. 
A  marked  increase  in  strength  was  shown  by  the  beams  of  select 
material  that  were  carefully  dried  in  a  shed.  The  modulus  of  rup- 
ture of  green  material  similar  to  that  in  Table  3  is  5,580  pounds 
per  square  inch.    (Table  2,  reference  number  1.) 

The  actual  shearing  strength  of  loblolly  pine,  as  determined  by 
tests  made  on  small  blocks,  is  630  pounds  per  square  inch.  (Table 
14,  reference  number  1.)  Out  of  42  sticks,  from  6  by  7  inches  to 
8  by  16  inches,  tested  on  spans  of  from  10  to  16  feet  (Table  8,  refer- 
ence number  1),  7  failed  in  horizontal  shear  at  an  average  stress  of 
339  pounds  per  square  inch.  Since  the  actual  shearing  strength  of 
the  wood  fiber  was  630  pounds  per  square  inch,  and  the  longitudinal 
shearing  stress  in  the  beams  at  failure  339  pounds  per  square  inch, 
this  shows  that  only  a  little  over  half  of  the  horizontal  section  of 
the  beams  was  in  a  condition  to  resist  shear.  The  fact  that  engi- 
neers should  design  beams  with  reference  to  the  unit  stresses 
deduced  from  tests  of  green  timber  and  to  horizontal  shear  was 
pointed  out  in  Circular  32. 

Two  sections  were  cut  from  all  sticks  tested  in  bending,  and  their 
average  moisture  content  was  used  as  the  moisture  content  of  the 
beam.  Tables  9  and  10  show  a  comparison  of  the  moisture  in  sec- 
tions cut  from  the  same  beam  at  the  center  and  at  one  of  the  quar- 
ter points.  Longleaf  pine  and  loblolly  pine  are  both  included  in 
Table  10. 

In  a  stick  in  which  the  ratio  of  sap  to  heart  varies  throughout 
the  length  the  distribution  of  moisture  along  the  beam  is  likely  to 
vary  also.  If  the  stick  has  been  wet  a  short  time  before  the  deter- 
minations are  made,  it  will  be  found  that  the  sections  containing  the 
most  sapwood  will  contain  the  greatest  amounts  of  moisture,  because 
the  sapwood  absorbs  water  much  more  readily  than  the  heartwood. 
On  the  other  hand,  if  the  stick  has  been  in  the  water  long  enough 
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for  both  heart  wood  and  sapwood  to  become  saturated,  and  is  then 
dried,  the  sections  containing  the  most  heartwood  will  have  the 
highest  percentage  of  moisture,  because  sapwood  dries  out  more 
readily  than  heartwood.  The  sticks  in  Table  10  were  partly  green 
and  partly  air-dry.  This  accounts  for  the  wide  variation  of  mois- 
ture in  the  different  sticks. 

EFFECT  OF  KNOTS. 

A  series  of  tests  was  made  to  determine  the  weakening  effect  of 
knots.  The  timber  used  was  North  Carolina  pine  obtained  from 
the  E.  P.  Burton  Lumber  Company,  Charleston,  S.  C.  This  was 
tested  at  the  mill.  The  logs  went  to  the  saw  directly  from  the 
millpond,  and  the  sticks  were  tested  within  a  few  days  after  leaving 
the  saw.  The  logs  were  sawed,  in  the  presence  of  the  testing  engi- 
neer, so  as  to  include  knots  of  various  positions,  sizes,  and  condi- 
tions. Xinety-three  such  sticks,  5  by  12  inches  in  cross  section, 
were  then  tested  in  bending  on  a  15-foot  span.  Thirty-four  sticks 
were  loaded  at  the  center,  and  the  remainder  tested  under  "  third- 
point"  loading.    Tables  4  and  5  give  the  results  of  these  tests. 

After  a  few  trials  a  method  of  analysis  was  devised  in  which  the 
area  of  the  faces  of  the  sticks  (vertical  in  the  tests)  was  divided  to 
indicate  part  volumes  of  the  stick  as  shown  above  the  tables.  Vol- 
ume 1  is  the  middle  half  of  the  stick  one-quarter  of  the  height  up 
from  the  bottom.  A  knot,  wavy  grain,  or  defect  occurring  in  this 
volume  throws  the  stick  into  group  1.  Volume  2  is  the  middle  half 
of  the  stick  one-quarter  of  the  height  down  from  the  top.  Sticks 
having  defects  in  volume  2  and  not  in  volume  1  are  put  in  group  2. 
Sticks  with  defects  outside  of  volumes  1  and  2  go  to  group  3.  In 
Table  4,  for  beams  loaded  at  third  points,  the  unit  strength  values 
and  the  relative  strength  for  the  different  groups  are  given.  The 
modulus  of  rupture  for  groups  1  and  2  is  about  75  per  cent  of  that 
in  group  3.  Minor  test  pieces  free  from  defects  were  cut  from  the 
main  beams  in  order  to  obtain  the  relative  strength  of  these  small 
clear  pieces  in  the  different  groups. 

It  will  be  noted  that  the  strength  of  the  small  test  pieces  cut  from 
the  sticks  in  group  3  was  greater  than  that  of  those  in  groups  1  and  2. 
All  of  the  sticks  were  green,  and  the  results  are  therefore  on  the 
same  moisture  basis.  This  indicates  that  part  of  the  variation  in 
the  strength  of  the  3  groups  of  large  sticks  is  due  to  inherent  differ- 
ences in  the  wood  fiber.  The  selection  of  such  sticks  as  those  in 
group  3  (sticks  without  defects  in  volumes  1  and  2)  usually  would 
involve  close,  firm  growth,  because  of  the  fact  that  rapid  growth 
and  knots  generally  occur  together.  Table  5  gives  the  strength  of 
the  groups  for  sticks  loaded  at  the  center  point  of  the  span. 
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A  series  of  tests  was  also  made  to  determine  the  weakening  effect 
of  knots  on  Douglas  fir.  In  these  tests  volume  1  and  volume  2 
included  the  middle  two-thirds  of  the  stick  one-quarter  of  the  height 
from  the  edges.  The  beams  were  loaded  at  the  center.  From  Table 
6,  giving  the  results  of  these  tests,  it  is  seen  that  the  effect  is  about 
the  same. 

The  following  is  a  general  rule  for  classifying  sticks  with  reference 
to  knots,  wavy  grain,  and  other  defects. 

Class  1. — Sticks  clear  in  middle  half,  one-quarter  of  height  from  top 
and  bottom  (not  necessarily  clear  in  remaining  volume). 

Class  2. — Sticks  having  defects  in  middle  half,  one-quarter  of  height 
from  top  or  bottom. 

The  strength  of  sticks  in  class  2  may  be  taken  as  75  per  cent  of  the 
strength  of  sticks  in  class  1. 

EFFECT  OF  SEASONING. 

It  appears  that  the  strength  of  large  sticks  changes  very  little  for 
the  range  of  moisture  usually  met  with  in  practice.  Small  pieces  when 
kiln-dried  increase  in  strength  as  much  as  300  per  cent,  but  large 
beams  can  not  be  dried  out  to  the  same  extent.  Moreover,  the  dry- 
ing process  often  produces  checks  and  ring  shakes,  the  weakening 
effects  of  which  more  than  counterbalance  any  gain  in  strength  due 
to  seasoning.    (See  Table"  2,  reference  numbers  1-3.) 

LONGLEAF  PINE. 

Longleaf  pine  has  been  for  a  long  time  the  standard  construction 
timber,  not  only  on  account  of  its  strength,  hardness,  and  durability, 
but  also  on  account  of  the  good  lengths  of  heartwood  that  can  be 
obtained  free  from  knots. 

Longleaf  pine  timber  has  been  very  extensively  tested,  not  only  in 
small  sticks  but,  more  rarely,  in  large  sticks  as  well.  In  the  markets 
at  present  any  heart  pine,  whether  longleaf,  shortleaf,  or  loblolly, 
which  shows  a  close-ringed,  hard  texture,  is  sold  under  the  name  of 
longleaf  pine,  while  the  wider  ringed,  more  rapid,  and  sappy  growth 
is  sold  as  shortleaf  pine.  The  names  " Georgia  pine"  and  "Alabama 
pine"  are  often  used  to  designate  timber  coming  from  the  tracts  of 
longleaf  pine  in  those  States. 

The  tests  given  in  Table  2  represent  longleaf  pine  of  an  excellent 
merchantable  quality.  The  timber  from  South  Carolina  (reference 
number  6),  was  obtained  in  the  Philadelphia  market  and  had  been 
cut  about  two  years  when  tested.  That  from  Georgia  was  pur- 
chased at  New  Haven,  Conn.,  and  had  been  on  the  market  about 
six  months.  It  was  of  better  quality  than  that  ordinarily  found  in 
the  market  as  "  merchantable "  stock. 
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The  modulus  of  rupture  of  South  Carolina  longleaf  (reference 
number  6),  is  7,160  pounds  per  square  inch,  and  the  modulus  of 
elasticity  1,560,000  pounds  per  square  inch.  The  strength  values, 
which  are  higher  in  the  case  of  the  Georgia  timber,  are  8,384  and 
1,820,000  pounds  per  square  inch,  respectively.  The  moisture  is 
about  the  same  in  both  cases,  but  the  rate  of  growth  is  somewhat 
less  in  the  Georgia  material.  The  average  dry  weight  per  cubic 
foot  in  the  Georgia  pine  is  42.9  pounds  as  against  36.2  pounds  for 
the  South  Carolina  material.  Table  11  (reference  number  2)  gives 
the  strength  of  small  clear  pieces  cut  from  the  main  sticks.  The 
strength  ratio  of  the  large  to  the  small  sticks  is  0.77  for  the  fiber 
stress  at  elastic  limit,  0.79  for  the  modulus  of  rupture,  and  1.01  for 
the  modulus  of  elasticity. 

The  crushing  strength  parallel  to  grain  for  longleaf  pine  is  4,800 
pounds  per  square  inch  (Table  12,  reference  number  5).  The  material 
contained  26.3  per  cent  moisture. 

The  compressive  strength  at  elastic  limit  at  right  angles  to  grain 
is  572  pounds  per  square  inch  (Table  13,  reference  number  2). 

The  shearing  strength  parallel  to  grain  for  small  specimens  is  973 
pounds  per  square  inch  (Table  14,  reference  number  2). 

In  Diagram  III  is  shown  the  moisture  distribution  in  the  cross 
section  of  beams  air-dried  for  two  years. 
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Diagram  III.— Average  of  two  sections  of  longleaf  pine  taken  from  sticks  12  by  12  inches  and  8  by 
16  inches  by  16  feet  long,  air-dried  two  years.    Average  per  cent  of  sapwood  2. 

From  this  diagram  it  may  be  seen  that  in  beams  air-dried  for  two 
years  the  drying  did  not  penetrate  to  the  center.  It  is  very  notice- 
able in  the  tests  that  longleaf  pine  tends  to  check  upon  drying  out 
and  to  fail  by  longitudinal  shear.  In  the  case  of  the  sticks  in  Table 
8,  reference  number  3,  9  out  of  the  22  failed  by  longitudinal  shear. 
The  longitudinal  shearing  stress  in  the  beams  that  failed  in  that 
manner  was  335  pounds  per  squ arc1  inch.  The  shearing  strength  of 
longleaf  pine,  as  determined  from  small  blocks,  is  973  pounds  per 
square  inch  (Table  14,  reference  number  2).  From  this  it  will  be 
seen  that  the  beams  were  so  weakened  by  checks,  shakes,  etc.,  due 
to  seasoning,  that  only  about  one-third  of  the  longitudinal  section 
was  left  in  a  condition  to  resist  shear. 
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TAMARACK. 

Tamarack  reaches  its  best  development  north  of  the  United  States 
boundary,  in  Canada.  It  extends  southward  to  northern  Penn- 
sylvania, northern  Indiana  and  Illinois,  and  central  Minnesota.  In 
the  United  States  tamarack  occurs  in  pure  stands  in  cold,  deep 
swamps,  which  it  often  clothes  with  forests  of  densely  crowded  trees 
rarely  more  than  40  or  50  feet  in  height.  The  maximum  height  of 
60  feet  and  the  maximum  diameter  of  20  inches  are  rarely  attained 
in  the  United  States.  The  trunk  is  straight  and  tapers  rather 
rapidly;  it  clears  itself  readily  of  branches  even  when  growing  in 
fairly  open  stands.  Tamarack  lumber  is  cut  principally  in  Wisconsin, 
Michigan,  and  Minnesota. 

The  results  of  bending  tests  on  green  tamarack  are  contained  in 
Table  2,  reference  number  8.  The  modulus  of  rupture  is  4,562 
pounds  per  square  inch,  and  the  modulus  of  elasticity  1,219,000 
pounds  per  square  inch.  The  oven-dry  weight  is  30.1  pounds  per 
cubic  foot,  and  the  moisture  was  50.6  per  cent. 

NORWAY  PINE. 

Norway  pine  reaches  its  best  development  in  the  United  States  in 
the  northern  parts  of  Michigan,  Wisconsin,  and  Minnesota,  usually 
forming  groves  of  a  few  hundred  acres  in  extent  on  light,  sandy  loam 
or  dry,  rocky  ridges.  It  ordinarily  reaches  a  height  of  75  feet  and  a 
diameter  of  30  inches,  though  sometimes  twice  these  dimensions  are 
attained.  The  trunk  is  straight  and  clear  of  branches.  The  wood 
is  rather  close-grained,  is  pale  red  when  air-dried,  and  has  a  thin 
ring  of  sapwood.  Norway  pine  is  cut  and  sold  with  white  pine  in  the 
Lake  States  under  the  name  of  northern  pine.  It  probably  makes 
up  about  one-third  of  the  present  pine  cut  in  this  region. 

Table  2,  reference  number  9,  contains  the  results  of  bending  tests 
on  green  Norway  pine.  The  modulus  of  rupture  is  3,975  pounds  per 
square  inch,  and  the  modulus  of  elasticity  1,189,000  pounds  per 
square  inch.  The  oven-dry  weight  is  25.4  pounds  per  cubic  foot. 
The  moisture  in  the  green  material  was  47.8  per  cent. 

DOUGLAS  FIR. 

The  Douglas  fir  of  the  Pacific  coast  is  also  known  commercially  as 
yellow  fir,  red  fir,  Oregon  pine,  and  Douglas  spruce.  The  name 
Douglas  fir  is,  however,  gradually  becoming  established.  A  single 
species,  Pseudotsuga  taxifolia,  furnishes  the  timber.  Its  range 
extends  from  Lower  California  to  central  British  Columbia,  and  from 
the  Pacific  Ocean  to  the  Rocky  Mountains.  This  timber  reaches 
its  best  development  in  western  Washington  and  Oregon,  between  the 
summit  of  the  Cascade  Mountains  and  the  Pacific.    Almost  pure 
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forests  are  found  here,  which  frequently  yield  from  50,000  to  100,000 
board  feet  per  acre.  In  these  regions  the  tree  will  average  5  or  6  feet 
in  diameter  at  the  butt,  with  a  height  up  to  300  feet.  The  trunk  is 
straight  and  readily  clears  itself  of  branches. 

It  is  possible,  therefore,  to  obtain  exceptionally  large  and  long 
pieces  for  structural  purposes.  Sticks  24  inches  square  and  up  to  100 
feet  long  are  regularly  listed  and  obtainable  in  the  merchantable 
grades.  The  possibility  of  procuring  such  large  pieces,  combined 
with  the  exceptional  strength  and  stiffness  of  the  material  compared 
with  its  weight,  renders  Douglas  fir  an  ideal  structural  timber.  It 
is  almost  entirely  heartwood,  and  is  fairly  durable  when  exposed  to 
the  weather. 

Small  trees  varying  from  1  to  3  feet  in  diameter  are  unsurpassed 
for  spars,  owing  to  the  straightness  of  the  trunk,  the  small  taper,  and 
the  great  length  obtainable.  Douglas  fir  is  almost  exclusively  used 
on  the  Pacific  coast  for  piling  for  docks  and  foundations  for  heavy 
structures  in  soft  ground.  The  standard  dimensions  for  this  purpose 
are  12  inches  in  diameter  and  from  60  to  70  feet  long. 

In  the  green  logs  from  mature  trees  the  sapwood  forms  a  narrow, 
light-colored  ring,  extending  usually  not  more  than  2  inches  beneath 
the  bark.  In  the  seasoned  timber,  however,  it  can  seldom  be  distin- 
guished by  color.  Although  the  grading  rules  allow  sapwood  only 
on  the  corners  for  the  merchantable  grades,  lumbermen  have  no 
difficulty  in  meeting  the  requirements. 

The  color  of  the  wood  of  Douglas  fir  ranges  from  a  light  yellow  to  a 
pronounced  red ;  the  grain  varies  from  as  few  as  4  or  5  rings  per  inch, 
in  small  trees  or  in  heartwood,  to  a  fine,  even  grain  with  upward  of 
40  rings  per  inch.  The  rings  are  usually  strongly  marked,  the  summer 
wood  being  very  dense  and  dark,  and  the  spring  wood  much  softer. 
The  wide-ringed  wood  is  somewhat  spongy.  Owing  to  the  marked 
difference  in  the  texture  of  the  alternate  rings  and  to  the  long,  regular 
fiber,  the  wood  splits  easily,  especially  when  dry.  For  the  same  reas<  »n 
it  is  particularly  pleasing  for  inside  finish,  paneling,  etc.,  when 
slash-sawed,  for  the  porous  spring  wood  readily  absorbs  wood  stains, 
w  li< Teas  the  dense  summer  rings  are  little  affected,  so  that  any  desired 
shade  may  be  secured. 

Douglas  fir  is  cut  into  every  form  of  lumber,  from  rough  timbers, 
used  in  the  framing  of  heavy  structures  of  all  kinds  where  strength 
and  durability  are  required ,  to  the  fine-grained,  clear  stock  for  flooring. 

The  mechanical  tests  were  made1  upon  market  products.  The 
sticks  were  graded  by  an  experienced  lumber  inspector,  according  to 
the  Pacific  coast  standard  of  1900,  and,  as  is  usual  in  the  timber  tests 
of  the  Forest  Service,  the  grading  of  the  inspector  was  found  to  corre- 
spond closely  to  the  average  results  of  the  mechanical  tests.  The 
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sizes  given  in  Table  7,  reference  numbers  1  to  8,  are  those  generally 
used  in  railroad  work  for  bridge,  trestle,  and  car  construction. 

It  is  evident  from  Table  7  that  Douglas  fir  is  of  varied  quality  and 
that  specifications  need  to  be  drawn  somewhat  more  carefully  than 
in  the  case  of  longleaf  pine  in  order  to  exclude  the  wider -ringed 
quick  growth  and  knotty  sticks. 

From  an  average  of  all  grades  and  sizes  in  Table  7,  reference  num- 
ber 4,  it  appears  that  the  modulus  of  rupture  of  partially  air-dried 
beams  is  6,975  pounds  per  square  inch,  the  modulus  of  elasticity 
1,600,000  pounds  per  square  inch,  and  the  oven-dry  weight  per  cubic 
foot  27.7  pounds,  or  33.8  pounds  per  cubic  foot  as  tested  in  a  partially  dry 
condition.  The  average  rate  of  growth  was  about  15  rings  per  inch — 
that  is  to  say,  the  tree  added  1  inch  to  its  radius,  or  2  inches  to  its 
diameter,  in  fifteen  years. 

In  green  beams  an  average  of  all  grades  and  sizes  (Table  7,  reference 
number  8)  shows  a  modulus  of  rupture  of  6,140  pounds  per  square  inch, 
a  modulus  of  elasticity  of  1,526,000  pounds  per  square  inch,  and  an 
oven-dry  weight  per  cubic  foot  of  29.4,  or  38.4  pounds  per  cubic  foot 
as  tested  in  a  green  condition.  The  rate  of  growth  of  the  green 
beams  was  10.8  rings  per  inch. 

Table  11,  reference  number  3,  gives  the  comparative  bending 
strength  of  large  and  small  sticks.  The  ratio  is  0.77  for  fiber  stress 
at  elastic  limit,  0.71  for  modulus  of  rupture,  and  0.99  for  modulus  of 
elasticity,  in  the  case  of  partially  air-dried  beams,  and  0.71,  0.72,  and 
0.87,  respectively,  in  the  case  of  green  beams  (reference  number  4). 

Table  12,  reference  number  6,  gives  the  crushing  strength  parallel 
to  grain  for  Douglas  fir  as  4,406  pounds  per  square  inch  for  partially 
air-dried  timber.  In  the  case  of  green  timber  (reference  number  7) 
the  crushing  strength  is  3,590  pounds  per  square  inch. 

Table  13,  reference  number  3,  shows  the  compressive  strength  at 
elastic  limit,  at  right  angles  to  the  grain,  to  be  651  pounds  per  square 
inch. 

Table  14*,  reference  number  3,  gives  the  shearing  strength  parallel 
to  grain  of  small  blocks  of  partially  air-dry  Douglas  fir  as  770  pounds 
per  square  inch. 

Table  8,  reference  number  4,  shows  that  out  of  216  tests  on  partially 
air-dry  Douglas  fir  54  beams  failed  in  longitudinal  shear  at  a  shear- 
ing stress  of  313  pounds  per  square  inch  (average  of  the  three  sets  of 
partially  air-dry  material.) 

The  results  of  the  tests  show  that  there  is  no  marked  difference  in 
strength  between  fir  stringers  of  red  and  of  yellow  color,  provided  the 
sticks  have  the  same  rate  of  growth  and  are  equally  free  from  defects. 

A  series  of  tests  on  small,  clear,  straight-grained  sticks  indicates 
that  a  rate  of  growth  resulting  in  21  rings  per  inch  gives  the  greatest 
density  and  strength. 

10396— No.  115—07  3 
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The  partially  air -dry  sticks  were  tested  in  from  six  months  to 
one  year  from  the  time  of  sawing.  They  were  kept  in  a  shed  and 
sprinkled  to  prevent  drying  out.  The  exterior  parts  of  the  beams 
contained  less  moisture  than  the  centers,  but  the  difference  was 
not  marked.  An  examination  of  the  distribution  of  the  moisture 
throughout  the  cross  section  of  the  8  by  16  inch  beams  showed 
relations  which  are  exhibited  in  Diagram  IV.  A  1-inch  cross  sec- 
tion taken  midway  of  the  stick  was  divided  into  9  parts  at  third 
points,  as  shown,  and  the  moisture  in  the  several  parts  of  the  sec- 
tions determined.  The  figures  in  the  diagram  are  the  average  per- 
centages of  moisture  found  in  each  part. 


16  inches. 


[ 
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per  cent. 

per  cent. 

per  cent. 

22.3 
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Average  23.9  per  cent. 


Diagram  IV.— Distribution  of  moisture  in  cross  section  midway  of  the  length  of  Douglas  fir  sticks. 
(Average  of  six  sections  taken  from  sticks  8  by  16  inches  by  16  feet.) 

WESTERN  HEMLOCK. 

The  introduction  of  western  hemlock  to  the  market  as  a  building 
material  has  met  with  many  obstacles.  Without  doubt  the  one  offer- 
ing the  greatest  opposition  to  the  introduction  has  been  the  strong 
prejudice  aroused  by  the  name  of  hemlock,  based  upon  the  qualities 
of  the  eastern  species.  So  great  is  this  prejudice  even  now  that, 
although  large  quantities  of  the  timber  are  cut  and  sold,  it  is  sold 
under  false  or  fictitious  names,  such  as  Alaska  pine  and  Washington 
pine,  spruce,  or  fir.  Western  hemlock,  as  such,  has  so  far  had  little 
market  standing. 

Western  hemlock  reaches  its  best  development  in  Washington,  in 
the  region  lying  between  the  summit  of  the  Cascade  Mountains  and 
the  coast,  but  is  also  found  from  Alaska  to  central  California  and  as 
far  east  as  Idaho  and  Montana.  The  tree,  where  conditions  best 
favor  its  development,  reaches  4  feet  in  diameter  at  the  butt  and 
200  feet  in  height.  The  trunk  is  straight  and  cylindrical,  but  does 
not  readily  clear  itself  of  branches.  This  causes  small  knots  in  the 
timber  and  makes  it  impossible  to  obtain  much  clear  lumber  except 
from  large  trees. 

The  wood  of  the  mature  tree  is  hard,  straight  and  even  grained,  and 
nearly  white  in  color.  The  sour  odor  of  the  lumber  is  unmistakable. 
There  is  not  the  marked  difference  in  either  color  or  hardness  between 
the  spring  and  summer  wood  that  is  noticeable  in  Douglas  fir.  The 
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wood  does  not  split  readily,  and  is  light  and  tough.  These  qualities 
make  it  especially  suitable  for  box  manufacture.  Knots  are  rather 
frequent,  often  dark  brown  to  almost  black  in  color,  but  usually 
tight  and  sound.  The  regular  and  even  structure  of  the  wood  and 
the  total  absence  of  pitch  render  it  capable  of  rapid  kiln  drying  at 
high  temperature  without  injury. 

For  flooring,  molding,  paneling,  and  all  inside  finish  western  hem- 
lock makes  a  superior  lumber,  not  easily  scratched,  susceptible  of  a 
high  polish,  and  of  excellent  wearing  qualities. 

In  point  of  strength,  as  shown  by  the  tests,  western  hemlock  is 
suitable  for  all  except  the  heaviest  structures. 

The  tests  of  partially  air-dried  western  hemlock  recorded  in  the 
tables  were  made  upon  timbers  cut  in  Washington. 

It  is  difficult  to  apply  to  western  hemlock  the  grading  rules  adopted 
for  Douglas  fir,  as  these  rules  would  throw  most  of  the  hemlock  sticks 
into  the  11  seconds"  grade.  New  rules  should  be  made  for  western 
hemlock,  in  order  to  bring  the  sticks  of  better  quality  into  the  "  mer- 
chantable" grade. 

Table  7,  reference  number  12,  shows  as  the  average  of  the  results 
of  bending  tests  on  all  grades  of  partially  air-dried  beams  a  modulus 
of  rupture  of  5,992  pounds  per  square  inch,  a  modulus  of  elasticity 
of  1,351,000  pounds  per  square  inch,  and  an  oven-dry  weight  per 
cubic  foot  of  26  pounds.  The  rate  of  growth  of  these  sticks  was 
12.7  rings  per  inch. 

For  all  grades  of  green  beams  (Table  7,  reference  number  16)  the 
modulus  of  rupture  is  5,783  pounds  per  square  inch,  the  modulus  of 
elasticity  1,475,000  pounds  per  square  inch,  and  the  oven-dry  weight 
28.5  pounds  per  cubic  foot.  The  moisture  in  the  green  beams  was 
36.2  per  cent,  against  27.8  per  cent  for  the  partially  air-dried  beams. 

Table  11,  reference  number  5,  gives  the  ratio  of  the  bending  strength 
of  the  large  green  sticks  to  the  small  sticks  cut  from  them.  This 
ratio  is  0.70  for  fiber  stress  at  elastic  limit,  0.70  for  modulus  of  rup- 
ture, and  0.97  for  modulus  of  elasticity. 

Table  12,  reference  number  8,  gives  the  crushing  strength  of  par- 
tially air-dry  western  hemlock  as  3,705  pounds  per  square  inch. 

Table  13,  reference  number  4,  gives  the  compressive  strength  at 
elastic  limit  at  right  angles  to  grain  as  477  pounds  per  square  inch. 

Table  14,  reference  number  4,  gives  the  shearing  strength,  par- 
allel to  grain,  for  small  sticks  as  746  pounds  per  square  inch. 

Table  8,  reference  number  6,  shows  that  out  of  64  tests  on  western 
hemlock,  12  failed  in  longitudinal  shear.  The  shearing  stress  in  the 
beams  failing  in  longitudinal  shear  was  273  pounds  per  square  inch. 

Approved. 

James  Wilson, 

Secretary  of  Agriculture. 

Washington,  D.  C,  September  25,  1907. 

[Cir.  115] 


APPENDIX. 


The  revised  rules  of  inspection  and  grading  referred  to  in  this  cir- 
cular are  here  reproduced. 

From  the  Interstate  Rules  of  1905  for  the  Classification  and  Inspection  of  Yellow  Pine 

Lumber. 

GENERAL  RULES. 

All  lumber  must  be  sound,  commercial  longleaf  yellow  pine  (pine  containing 
large  coarse  knots  with  coarse  grain  is  excluded  under  these  rules),  well  manufac- 
tured, full  to  size  and  saw  butted,  and  shall  be  free  from  the  following  defects: 
Unsound,  loose,  and  hollow  knots,  wormholes  and  knot  holes,  through  shakes  or 
round  shakes  that  show  on  the  surface,  and  shall  be  square  edge  unless  otherwise 
specified. 

A  through  shake  is  hereby  defined  to  be  through  or  connected  from  side  to  side, 
edge  to  edge,  or  side  to  edge. 

Where  terms  one-half  or  two-thirds  heart  are  used  they  shall  be  construed  as  refer- 
ring to  the  area  of  the  face  on  which  measured. 

CLASSIFICATION. 

Dimensions. — Dimension  sizes  shall  embrace  all  sizes  6  inches  and  up  in  thickness 
by  6  inches  and  up  in  width.  For  example:  6  by  6,  6  by  7,  7  by  7,  7  by  8,  8  by  9, 
and  up. 

INSPECTION. 

Standard.0 — All  lumber  shall  be  sound;  sap  no  objection.  Wane  may  be  allowed 
one-eighth  of  the  width  of  the  piece  measured  across  face  of  wane,  extending  one- 
fourth  of  the  length  on  one  corner  or  its  equivalent  on  two  or  more  corners,  provided 
that  not  over  10  per  cent  of  the  pieces  of  any  one  size  shall  show  such  wane. 

Merchantable.^ All  sizes  under  9  inches  shall  show  some  heart  entire  length  on  one 
side;  sizes  9  inches  and  over  shall  show  some  heart  the  entire  length  on  two  opposite 
6ides.  Wane  may  be  allowed  one-eighth  of  the  width  of  the  piece,  measured  across 
face  of  wane,  and  extending  one-fourth  of  the  length  of  the  piece  on  one  corner  or 
its  equivalent  on  two  or  more  corners,  provided  that  not  over  10  per  cent  of  the 
pieces  of  any  one  size  shall  show  such  wane. 

Prime — Dimension  sizes. — All  square  lumber  shall  show  two-thirds  heart  on  two 
sides  and  not  less  than  one-half  heart  on  two  other  sides.  Other  sizes  shall  show 
two-thirds  heart  on  face  and  show  heart  two-thirds  of  length  on  edges,  excepting 
when  the  width  exceeds  the  thickness  by  3  inches  or  over;  then  it  shall  show  heart 
on  the  edge  for  one-half  of  the  length. 

a  Called  "square  edge"  in  South  Carolina  and  in  this  circular. 
[Cir.  115] 
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From  the  Pacific  coast  standard  grading  rules  for  Douglas  fir  [red  fir],  adopted  1'JOO. 

MERCHANTABLE. 

This  grade  shall  consist  of  sound,  strong  lumber,  free  from  shakes,  large,  loose,  or 
rotten  knots  and  defects  that  materially  impair  its  strength;  well  manufactured  and 
suitable  for  good  substantial  constructional  purposes. 

Will  allow — 

Occasional  variations  in  sawing  or  occasional  scant  thicknesses,  sound  knots,  pitch 
seams,  and  sap  on  corners,  one-third  the  width  and  one-half  the  thickness.  Defects 
in  all  cases  to  be  considered  in  connection  with  the  size  of  the  piece  and  its  general 
quality. 

SECONDS. 

This  grade  shall  consist  of  lumber  having  defects  which  exclude  it  from  grading 
as  merchantable. 

Will  allow — 

Knots  and  defects  which  render  it  unfit  for  good  substantial  constructional  pur- 
poses, but  suitable  for  an  inferior  class  of  work. 

SELECTS. 

Shall  be  sound,  strong  lumber,  good  grain,  well  sawn. 

Will  allow — 

In  sizes  6  by  6  and  less,  knots  not  to  exceed  1  inch  in  diameter;  sap  on  corners 
one-fourth  the  width  and  one-half  the  thickness;  small  pitch  seams  when  not 
exceeding  6  inches  in  length. 

In  sizes  over  6  by  6,  knots  not  to  exceed  2  inches  in  diameter,  varying  according 
to  the  size  of  the  piece;  sap  on  corner  not  to  exceed  3  inches  on  both  face  and  edge; 
pitch  seams  not  to  exceed  8  inches  in  length. 

Defects  in  all  cases  to  be  considered  in  connection  with  the  size  of  the  piece  and 
its  general  quality. 


DESCRIPTION  OF  MATERIAL. 

The  limits  of  this  circular  will  not  allow  a  detailed  description  of  the  sticks  tested, 
but  in  order  to  show  the  nature  of  the  information  collected  the  following  descrip- 
tions are  given: 

HISTORY  OF  SHIPMENT  "a"  DOUGLAS  FIR. 

Cut  in  township  17  south,  range  2  east,  Willamette  meridian,  on  McKenzie  River, 
west  slope  Cascade  Mountains,  Lane  County,  Oreg.  Shipped  from  Coburg,  Oreg., 
May  8;  received  at  Berkeley,  Cal.,  May  25,  1903. 

Douglas  fir,  shipment  UA,"  6  by  8  average  select. 

Rings  per  inch,  13;  color,  medium  yellow;  imperfections:  Side  a,  one  weather 
check;  side  b,  pitch  seam;  side  c,  pitch  seam,  weather  checks;  side  d,  pitch  seam; 
weather  checks. 

Douglas  fir,  shipment  "A"  6  by  8  maximum  select. 

Rings  per  inch,  20.5;  color,  medium  yellow;  imperfections:  Side  a,  three  knots 
0.5  to  0.7  inch  in  diameter,  small  weather  checks;  side  b,  clear;  Bide  c,  weather 
checks;  side  d,  clear. 
[Cir.  115] 
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Douglas  fir,  shipment  "A,"  6  by  8  minimum  select. 

Rings  per  inch,  21;  color,  medium  yellow;  imperfections:  Side  a.  weather  checks; 
Bide  b.  pitch  seam;  side  c,  one-half  inch  knot  and  weather  checks;  side  d,  pitch  seam. 

Douglas  fir.  shipment  ilA"  6  by  8  average  merchantable. 

Rings  per  inch,  22;  color,  medium  red;  imperfections:  Side  a,  2  knots  about  1  inch 
in  diameter,  weather  checks;  side  6,  1  knot  3  by  2\  inches,  broken  out;  side  c, 
6  knots  1  to  \\  inches  in  diameter,  checks;  side  d.  1  small  knot. 

Douglas  fir,  shipment  "A,"  6  by  8  maximum  merchantable. 

Rings  per  inch.  22;  color,  medium  yellow;  imperfections:  Side  a,  clear;  side  6, 
clear;  side  c,  two  i-inch  sound  knots;  side  d,  clear. 

Douglas  fir,  shipment  ".4."  6  by  8  minimum  merchantable. 

Rings  per  inch.  25;  color,  medium  yellow;  imperfections:  Side  a,  one  $-inch  sound 
knot;  side  b,  clear;  side  c,  8  knots  from  h  to  1  inch  in  diameter:  side  d,  2  knots. 

Douglas  fir.  shipment  ".A,"  6  by  8  average  seconds. 

Rings  per  inch,  8;  color,  medium  red;  imperfections:  Side  a,  16  sound  knots  \  to  2 
inches  in  diameter,  check;  side  6,  4  knots  1  to  \\  inches  in  diameter,  sound;  side-c,  6 
loose  knots  1  to  \\  inches  in  diameter,  checked;  side  d.  5  knots  from  1  to  1£  inches  in 
diameter,  all  sound. 

Douglas  fir,  shipment  "A"  6  by  8  maximum  seconds. 

Rings  per  inch,  18;  color,  medium  red;  imperfections:  Side  a,  3  knots  1  to  2\  inches 
in  diameter,  2  loose;  side  6,  7  knots  1  to  3  inches  in  diameter,  loose;  side  c,  4  loose  knots 

1  inch  in  diameter,  pitch  seam;  side  d,  no  knots,  pitch  seam  and  check. 

Douglas  fir,  shipment  "A,"  6  by  8  minimum  seconds. 

Rings  per  inch,  5.4;  color,  medium  red:  imperfections:  Side  a,  13  knots  \  to  1$ 
inches  in  diameter,  2  loose,  weather  checks;  side  6, 5  knots  \  to  H  inches  in  diameter, 

2  loose,  weather  checks;  side  c,  5  knots  \  to  H  inches  in  diameter,  1  loose,  weather 
checks;  side  d,  11  knots  \  to  2  inches  in  diameter,  3  loose,  weather  checks. 

Loblolly  pine,  8  by  8  average  square  edge,  green. 

History:  From  Urban  Wharf,  King  and  Queen  County,  Va. ;  in  yard  one  week. 
Rings  per  inch.  2.6;  color,  light  yellow;  imperfections:  Side  a,  11  knots  from  1  to  3 
inches  in  diameter,  all  sap;  side  b,  6  knots  about  2  inches  in  diameter,  all  sap;  side  c, 
6  knots  from  2\  to  A\  inches  in  diameter,  all  sap;  side  d.  9  knots  from  1$  to  3  inches  in 
diameter,  all  sap. 

Loblolly  pine,  8  by  8  maximum  square  edge,  green. 

Rings  per  inch,  3.2;  color,  light  yellow;  imperfections:  Side  a,  8  knots  from  1  to  2\ 
inches  in  diameter;  side  6,  7  knots  from  \\  to  3  inches  in  diameter;  side  c,  5  knots  from 
\  to  3  inches  in  diameter;  side  d,  7  knots  from  1  to  4  inches  in  diameter,  sap  on  all  four 
faces. 

Loblolly  pine,  8  by  8  minimum  square  edge,  green. 

Rings  per  inch,  3;  color,  light  yellow,  turning  to  yellowish  white  on  exposure;  imper- 
fections: Side  a,  3  knots;  side  b,  6  knots;  side  c,  7  knots;  side  d,  8  knots  from  3  to  5 
inches  in  diameter. 
[Cir.  nr.] 


23 


Western  hemlock,  8  by  16  maximum  merchantable. 

History:  Cut  in  township  20  south,  range  1  east,  Willamette  Meridian,  west  slope  Cas- 
cade Mountains,  Lane  County,  Oreg.  Shipped  from  Saginaw  May  12,  received  at 
Berkeley,  Cal.,  May  25,  1903.  Rings  per  inch,  11.8;  imperfections:  Side  a,  11  knots 
£  to  1  inch  in  diameter,  3  loose,  weather  checks;  side  b,  badly  weather  checked;  side 
c,  10  knots  £  to  1  inch  in  diameter,  6  loose,  weather  checked;  side  d,  2  knots  1£  inches 
in  diameter,  sound,  weather  checked. 

Western  hemlock,  8  by  16  minimum  merchantable. 

Rings  per  inch,  11;  imperfections:  Side  a,  10  small  knots  \  to  1\  inches  in  diameter, 
4  loose,  6  sound;  side  b,  3  knots,  2  loose;  side  c,  8  knots,  all  sound,  checked;  side  d, 
2  knots,  both  loose,  weather  checked. 

Loblolly  pine,  8  by  14  average  square  edge. 

History:  Felled  about  September  1,  1903;  sawed  at  mill  September  15;  tested  No- 
vember 4,  1903.  Rings  per  inch,  7;  color,  sap,  greenish  white;  imperfections:  Side 
a,  all  sap;  side  b,  three-fourths  sap;  side  c,  all  sap;  side  d,  7  knots  1  to  2\  inches  in  diam- 
eter, two-thirds  sap. 

Loblolly  pine,  8  by  14  maximum  square  edge. 

Rings  per  inch,  6;  color,  heart,  brown;  sap,  greenish  white;  imperfections:  Side  a, 
all  sap;  side  b,  10  knots  |  to  3£  inches  in  diameter,  one-half  sap;  side  c,  all  sap;  side  d, 
one  £-inch  knot,  two-thirds  sap. 

Loblolly  pine,  8  by  14  minimum  square  edge. 

Rings  per  inch,  5.8;  color,  sap,  greenish  white,  heart,  brown;  imperfections:  Side 
a,  all  sap;  side  b,  seven-eighths  sap,  one  2-inch  knot;  side  c,  all  sap;  side  d,  nine- 
tenths  sap. 

Longleaf  pine,  10  by  12  average  merchantable. 

History:  Grown  in  southern  Georgia;  in  lumber  yard  since  February,  1902;  tested 
September  24,  1902.  Rings  per  inch,  13;  imperfections:  Side  a,  1\  by  2\  inch  knot 
in  upper  half  of  side;  side  b,  2  small  knots  in  upper  half  of  side,  1.1  by  \  inch  and  \\ 
by  \\  inch;  side  c,  4  small  knots  in  center  of  side,  0.2  by  0.25  inch,  1.4  by  0.2  inch, 
1.2  by  2  inch,  and  0.7  by  0.5  inch;  side  d,  4  small  knots  and  slight  checks  near  upper 
end,  1.0  by  0.25  inch,  2.2  by  0.2  inch,  1.1  by  0.25  inch,  1.0  by  0.6  inch. 

Longleaf  pine,  10  by  12  maximum  merchantable. 

Rings  per  inch,  14;  imperfections:  A  few  slight  checks  in  each  side;  1  knot  in  side 
a,  3  by  4  inches,  and  1  in  side  d,  2.5  by  \  inches. 

Longleaf  pine,  10  by  12  minimum  merchantable. 

Rings  per  inch,  13;  imperfections:  Side  a,  3  knots,  \  by  \  inch,  \  by  \  inch,  \  by  \ 
inch,  checks;  side  6,  4  knots,  1^  by  \\  inches,  \\  by  \\  inches,  1  by  1  inch,  1  by  1  inch; 
side  c,  6  knots,  \  by  \  inch,  \  by  \  inch,  1  by  \\  inches,  1  by  1  inch,  \  by  \  inch,  1 
by  1  inch;  side  d,  1  knot  \  by  \  inch. 
[Cir.  115] 
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Table  3. — Loblolly  pine — Bending  tests  on  beams  seasoned  under  different  conditions. 


[S"xl6"  section— 13J'  to  15'  span.] 


Num- 
ber of 
tests. 

Fiber 
stress 

at 
elastic 
limit. 

Modu- 
lus of 
rup- 
ture. 

Longi- 
tudi- 
nal 
shear 

at  max. 
load. 

Modu- 
lus of 
elas- 
ticity. 

Mois- 
ture 
per 

cent. 

Rings 
per 
inch. 

Weight 
per 

cu.  ft. 
oven 
dry. 

Condition  of  season- 
ing. 

Average  

Maximum  

Minimum  

Average  

Maximum  

Minimum  

Average  

I  ' 

)  * 
1  ■ 

Lbs. 
per 
sq.  in. 
(  3,580 
{  4,070 
1  3,090 

|  4,512 
\  5,840 
I  3,180 

f  4,331 
\  4,990 
1  3,110 

Lbs. 
per 
sg.  in. 
5,480 
6,600 
5,000 

5,060 
7,320 
2,150 

6, 721 
8,560 
5,160 

Lbs. 
per 
sq.  in. 
364< 
440 
327 

3333 
488 
143 

493s 
620 
380 

1,000 
lbs.  per 
sq.  in. 
1,780 
1,987 
1,530 

1,685 
1,790 
1,410 

1,688 
2,002 
1,398 

23.2 
24.3 
21.5 

20 
22 
18 

9.4 
11.5 
8.0 

io!2 

4.7 

7.7 
9.5 
5.5 

Lbs. 
33.7 
34.5 
32.5 

33.9 
38.0 
27.7 

1  Air  dry  3$  months  in 
|    the  open. 

jKiln  dry  6  days. 

1  Air  dry    21  months 
|    under  shelter. 

Maximum  

Minimum  

Note.— Figures  written  as  subscripts  to  the  figures  for  longitudinal  shear  indicate  the  number  of 
sticks  failing  in  that  manner. 
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Table  4. — Loblolly  pine — Effect  of  knots;  beams  loaded  at  two  points. 


V — - i  L- 


VOLUME  2 


'olume  3 


41- 


L=I5  Ft.- 


Num- 
ber 
of 
tests 


Per 
cent 
of 

sap. 


Rings 
per 
inch. 


Mois- 
ture, 
per 
cent. 


cific 
grav- 

dry. 


Fiber 
stress 

at 
elastic 
limit. 


Mod- 
ulus 
of 
rup- 
ture. 


Mod- 
ulus 
of 
elas- 
ticity. 


Longi- 
tudi- 
nal 
shear 

at 
maxi- 
mum 
load. 


Group  1.  Sticks 
having  defects  in 
volume  1. 

Group  2.  Sticks 
having  defects  in 
volume  2  and  not 
in  volume  1. 

Group  3.  Sticks 
having  defects  in 
volume  3  and  not 
in  volumes  1  and 
2. 

Relative  values: 

Group  3  

Group  2  

Group  1  

Minors  free  from 
defects: 

Cut  from  group 


Cut  from  group 
2. 


Cut  from  group 


Relative  values: 

Group  3  

Group  2  

Group  1  


Average . . . 
Maximum . 
Minimum. . 

Average . . . 
Maximum  . 
Minimum.. 

Average . . . 
Maximum . 
Minimum.. 


33 


15 


100.0 
93.3 
115.5 


Average . . . 
Maximum  . 
Minimum.. 

Average  . . . 
Maximum  . 
Minimum.. 

Average . . . 
Maximum  . 
Minimum.. 


19 


12 


20 


5.6 
8.2 
3.2 

6.2 
10.0 
4.0 

6.5 
9.2 
5.5 


100.0 
95.5 
86.2 


6.0 
10.0 
3.0 

8.2 
12.0 
5.5 

9.6 
28.0 
3.0 

100.0 

85.5 
62.5 


65 
101 
40 

75 
101 

38 

57 
62 
47 


100.0 
131.7 
114.0 


23.6 
34.7 
19.6 

28.0 
51.1 
21.6 

23.6 
26.5 
20.4 

100.0 
118.6 
100.0 


0.495 
.578 
.438 

.481 
.510 
.440 


470 
440 


100.0 
104.4 
107.7 


.452 
.536 
.397 

.482 
.527 
.448 

.510 
.692 
.438 

100.0 
94.6 
88.7 


Lbs. 

per 
sq.  in. 
2,830 
3, 820 
2,050 

3,000 
3,810 
2,010 

3, 820 
4,540 
3,310 


100.0 
78.6 
74.1 


4,766 
6,080 
2,860 

4,730 
5,770 
3, 770 

5,170 
6,500 
4,220 

100.0 
91.5 
92.3 


Lbs. 
per 
sq.  in. 
4,580 
6,130 
2,300 

5,030 
6,510 
3,640 

6,390 
7,260 
5,420 


100.0 
78.6 
71.7 


7,798 
J,  030 
5,790 

8,230 
9,110 


9,260 
12, 470 
7,070 

100.0 

88.8 
84.2 


1,000 
lbs. 
per 

sq.  in. 

1,365 

1,875 
912 

1,375 
1,623 
1,070 

1,675 
2,040 
1,260 


100.0 
82.1 
81.5 


1,652 
797 

1,585 
2,154 
1,076 

1,550 
1,880 
1,075 

100.0 
102.5 
87.7 
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Table  5. — Loblolly  pine — Effect  of  knots;  beams  loaded  at  center. 


<Z  3  <z 

 1 


rOLU  ME  2 


Group  1.  Sticks 
having  defects  in 
volume  1. 

Group  2.  Sticks 
having  defects  in 
volume  2  and  not 
in  volume  1. 

Group  3.  Sticks 
having  defects  in 
volume  3  and  not 
in  volumes  1  and 
2. 

Relative  values: 

Group  3  

Group  2  

Group  1  


Average  . . . 
Maximum  . 
Minimum. . 

Average  . . . 
Maxim  inn  . 
Minimum. . 

Average  . . . 
Maximum  . 
Minimum. . 


Num- 
ber 
of 

tests. 


Per 
cent 
of 
sap. 


Rings 
per 
inch. 


100.0 
43.0 
67.3 


Mois- 
ture, 
per 
cent. 


4.6 
8.0 
2.6 


6.0 
9.3 
4.1 


54 
120 
28 


6.5  I  36 
10.7  47 
5. 0  30 


Spe- 
cific 
grav- 
ity 
drv. 


100. 0  100. 0  100. 0 
108.0  58.0  100.0 
76.7      87.0  98.0 


Fiber 
stress 

at 
elastic 
limit. 


Lbs. 

per 
sq.  in. 
2,660 
3,320 
1,600 


3,380 
4.200 
■j.ssn 


Mod- 
ulus 
of 
rup- 
ture. 


Lbs. 

per 
sq.in. 
4.420 
5,720 
2, 810 


3,607  5,930 
4,370  7.120 
3,  270    4, 890 


5,800 
6,450 
4,860 


100.0  100.0 
107. 0  102.  0 
78.7  76.3 


Mod- 
ulus 

of 
elas- 
ticity. 


1,000 
lbs. 
per 
sq.  in 
1,210 
1,475 


1,350  I  200 
1,785  1  237 
1,180  168 


1.500 
1,930 
1,063 


100.  0  100. 0 
90. 0  103.  5 
80.  7      79. 0 
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Table  6. — Douglas  fir — Effect  of  knots;  beams  loaded  at  center . 


1  *a  

VOLUME  2 

1 

voiunc  a  *^ 

VOLUME  3 

VOLUME  3 

1  ssi 

volum  E  1 

 }L  — 

 * 

Num- 
ber 
of 
tests. 

Rings 
per 
inch. 

Mois- 
ture, 
per 

Spe- 
cific 
grav- 
ity 
dry. 

Fiber 
stress 

at 
elastic 
limit. 

Modu- 
lus of 
rup- 
ture. 

Modu- 
lus of 
elas- 
ticity. 

Longi- 
tudinal 
shear 

at 
maxi- 
mum 
load. 

1,000 

Los. per 

Lbs. per 

lbs.  per 

Lbs. per 

sq.  in. 

sq.  in. 

sq.  in. 

sq.  in. 

Group  1.    Sticks  having 

Average  

1  7, 

[  9.8 

30.8 

.454 

3, 720 

5,540 

1,435 

236 

defects  in  volume  1. 

Maximum . . 

f  75 

<  20.0 

36.9 

.509 

5, 860 

8,270 

1,945 

350 

Minimum. . . 

J 

[  3.5 

23.7 

.390 

2, 050 

2, 930 

947 

125 

Group  2.   Sticks  having 

Average  

1  o« 

f  12.2 

31.3 

.472 

4, 298 

6,590 

1,575 

282 

defects  in  volume  2  and 

Maximum . . 

}  30 

<  23  A 

35.1 

.550 

5,920 

8,210 

2,000 

345 

not  in  volume  1. 

Minimum. . . 

J 

I  5.2 

21.8 

.410 

-  2,960 

4, 120 

1,305 

175 

Group  3.   Sticks  having 

Average .... 

1 

(  12.0 

ou.y 

.483 

4, 650 

7, 130 

1,  /IU 

302 

defects  in  volume  3  and 

Maximum . . 

i  30 

\  25.5 

37.1 

.543 

5,900 

9,000 

2,070 

381 

not  in  volumes  1  and  2. 

Minimum. . . 

I  6.6 

22.3 

.429 

3,020 

3, 720 

1,370 

218 

Relative  values: 

Group  3  

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

Group  2  

101.5 

101.3 

97.7 

92.5 

92.4 

92.2 

93.3 

Group  1  

81.7 

99.7 

94.0 

80.1 

77.7 

83.9 

78.2 

Minors  free  from  defects: 

Cut  from  group  1  

Average  . . . . 

f  10.5 

30.3 

.448 

5,320 

7,970 

1,610 

332 

Maximum . . 

\  23.1 

43.5 

.537 

8,220 

10,700 

3,035 

444 

Minimum. . . 

I  3.3 

23.0 

.389 

2,560 

5,140 

612 

215 

Cut  from  group  2  

Average  

[  12.9 

29.9 

.473 

5,730 

8,690 

1,880 

361 

Maximum . . 

{  29.1 

44.5 

.585 

8,020 

11,550 

2,923 

481 

Minimum. . . 

I  3.5 

22.7 

.319 

3,090 

5,850 

1,230 

244 

Cut  from  group  3  

Average  

f  12.0 

29.5 

.482 

5,880 

8,880 

1,810 

371 

Maximum . . 

J  99 

\  23.1 

40.0 

.568 

8,220 

10, 450 

3, 646 

444 

Minimum. . . 

[  3.3 

24.1 

.403 

2,560 

5, 140 

612 

215 

Relative  values: 

Group  3  

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

Group  2  

107.5 
87.5 

101.5 
102.8 

98.2 
92.9 

97.6 
90.5 

97.8 
89.8 

104.0 
88.9 

97.3 
89.5 

Group  1  
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CO 

CO 
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© 

CM 
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CO 

Average  

Maximum . . 
Minimum. . . 

Average  

Maximum . . 
1  Minimum... 

Average  

Maximum . . 
Minimum. . . 

Average  

Maximum . . 
Minimum. . . 

Average  

Maximum . . 
Minimum. . . 

Average  

Maximum . . 
Minimum. . . 

Average  

Maximum .. 
Minimum... 

Average  

Maximum . . 
Minimum. . . 

Partially  air 
dry. 

Partially  air 
dry. 

Partially  air 
dry. 

Partially  air 
dry. 
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Green  
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Second  

All  grades  

4- 
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00 
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Washington. 
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Washington. 

Washington  

Washington  

Washington  

Washington  
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iH 

CM 

co 

CO 
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Table  9. — Distribution  of  moisture  lengthwise  in  20  sticks  of  North  Carolina  loblolly 

pine. 


btlCk  JNO. 

Moisture  per  cent. 

btlCK  JNO. 

Moisture  per  cent. 

Stick  No. 

Moisture  per  cent. 

Section 
from 
center. 

Section 
from 

quarter 
point. 

Section 
from 
center. 

Section 
from 

quarter 
point. 

Section 
from 
center. 

Section 
from 
quarter 
point. 

53  

36.1 
26.5 
35.2 
27.9 
27.4 
28.8 
27.9 

35.1 
25.7 
35.3 
27.9 
27.1 
28.6 
27.7 

60  

29.7 
40.0 
36.4 
30.0 
41.5 
30.9 
50.8 

30.7 
36.3 
38.3 
28.3 
43.3 
31.2 
49.9 

67  

47.6 
55.1 
36.5 
36.3 
46.4 
58.2 

54.4 
41.6 
33.9 
27.1 
45.8 
60.3 

54  

61  

68  

55  

62  

69  

56  

63  

70  

57  

64  

71  

58  

65  

72  

59  

66  

Moisture  determined  at  center  and  at  one  quarter  point.    Sticks  8  by  14  inches  by  16  feet. 


Table  10. — Distribution  of  moisture  lengthwise  in  18  sticks  of  longleaf  and  loblolly 

pine. 


Stick  No. 

Moisture  per  cent. 

Stick  No. 

Moisture  per  cent. 

Stick  No. 

Moisture  per  cent. 

Section 
from 
center. 

Section 
from 
quarter 
point. 

Section 
from 
center. 

Section 
from 

quarter 
point. 

Section 
from 
center. 

Section 
from 
quarter 
point. 

81  

19.4 
24.4 
19.2 
20.8 
19.2 
18.4 

18.6 
22.2 
19.7 
19.8 
19.4 
21.6 

87  

19  8 
24.4 
18.5 
26.4 
51.6 
45.9 

19.5 
24.3 
17.6 
24.8 
50.4 
40.6 

100  

30.6 
82.5 
43.4 
84.9 
28.7 
24.6 

31.6 
86.5 
37.4 
59.7 
28.5 
24.9 

82  

88  

126...  

83  

89  

127  

84  

95  

128  

85  

98  

144  

86  

99  

152  

Moisture  determined  at  center  and  side  quarter  points.    Sticks  6  by  7  to  10  by  16  inches  by  16  feet. 
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